In this paper the data measured by application of the MDS NZ2 field rainfall simulator have been used to demonstrate the effect of vegetation cover on surface runoff generation and soil loss. The results of 15 experiments for two crops (oats and wheat) are presented. Canopy cover and the leaf area index are used to describe the vegetation development. Measured soil loss decreased with growing vegetation significantly from the maximum values 74.7 g/min for oats (38.4 g/min for wheat) to 0.4 g/min (1.5 g/min respectively) from the experimental plot of 16 m 2 . Thus, this work clearly demonstrates the positive effect of canopy development on soil loss. However, the effect of the developing cover on the surface runoff generation was not significant.
Soil erosion affects many sectors including agriculture and water management and thus remains a big problem in the Czech Republic. Krása (2010) states that ca 50% of the agricultural land in the Czech Republic is at risk. Soil degradation by water erosion is a complex process which depends on many factors (Cerdan et al. 2002) , and is also very site dependent, mainly due to differences in climate and agronomic practices (Romero 1998) . It is commonly agreed (Durán et al. 2008 ) that vegetation cover plays a very important role in soil erosion control and is the single factor with the highest relevance for human interaction (Stocking 1994) . Plants protect the soil in various ways: (i) leaves hinder raindrops, and thus mitigate their kinetic impact on the soil surface (Styczen and Morgan 1995) ; (ii) roots support preferential flow in the soil profile, which improves the infiltration conditions (Bronick and Lal 2005) , and (iii) stems slow down the overland flow by increasing the roughness which also supports infiltration (Styczen and Morgan 1995) . Moreover, roots are one of the key factors affecting the stability of aggregates, even in the early stages of crop growth (De Baets and Poesen 2010) . General relationships were developed to link the decrease of soil erosion and runoff production with increasing vegetation cover (Gyssels et al. 2005) . The relationship is usually described by the following equation:
Where: SL r -soil loss ratio; b -constant; CC -canopy cover.
Only one of 13 relationships published by Gyssels et al. (2005) is related to cultivated land for sugar beets (Kainz 1989) . The others are related to permanent grassland. Some of these curves are shown in Figure 1 . Canopy cover (CC) is one of the most frequently applied parameters in simulation models and in empirical methods for describing the actual state of the vegetation in the field (Laliberte et al. 2007) . CC describes the proportion of the soil surface that is covered by the vertical projection of plants (Jennings et al. 1999) . It is also used for setting the C factor values in the universal soil loss equation -USLE (Wischmeier and Smith 1978) . In this case, the crop stage periods are defined according to the canopy cover. In the revised universal soil loss equation (Renard et al. 1997) , CC is defined as an individual subfactor. Another parameter which provides information about the vegetation structure is the leaf area index -LAI (Watson 1947) . LAI is defined as the total one-sided area of leaves above a unit area of the soil surface. These two parameters were used to describe the temporal sequence of vegetation development for the purposes of the analyses presented in this paper.
The aim of the presented research consists of the assessment of the vegetation protective effect with respect to soil erosion and surface runoff by experiments carried out using rainfall simulation. Generally, this effect is known and has been published by a number of authors (Wischmeier and Smith 1978 , Kaspar et al. 2001 , Blanco and Lal 2008 , Ruiz-Colmenero et al. 2012 . It is assumed that the intensity of soil erosion and surface runoff decreases with increasing vegetation cover. We used rainfall simulation experiments to confirm this assumption by experimental data. The application of rainfall simulation for the mentioned purpose in the conditions of the Czech Republic has not been published, yet.
MATERIAL AND METHODS
Experimental site. The study area is located in the Central Bohemia Region (49°46'55''N, 14°49'48''E). The climate is moderately warm, with a mean annual temperature of 7.7°C and mean annual rainfall of 596 mm. The soil at the experimental site is classified as Cambisol according to FAO. Soil texture is loamy sand according to the classification of Novák published by Kutílek (1978) .
Rainfall simulator. The rainfall simulator used for the simulations is built on a trailer transportable by car. Its structure is shown in Figure 2 .
The height of the nozzles was set to 2.6 m above the sprayed surface. Four nozzles (Spraying Systems, ½ HH -40 WSQ FullJet, Wheaton, USA) were used with independent operation. Each nozzle is equipped with a manometer for pressure control, which is an important parameter affecting the drop size distribution (Abudi et al. 2012) . The median drop size (d 50 ) for the nozzle type used here is 1.5-2.0 mm at a pressure of 80 MPa. The spraying homogeneity measured by Christiansen's uniformity coefficient -CU (Christiansen 1942) varies slightly around 86%. The rainfall intensity is controlled by the nozzle valves driven by the programmable unit. The intensities used for the simulations were 40 mm/h in 2012, and 70 mm/h in 2013. Simulations were run until the runoff reached a steady state which was usually after 40 min. Simulations were carried out from April to harvest. Simulated rainfall intensity was chosen with respect to water avail- Morgan (1988) , Kainz (1989) and Gyssels (2005) ability and the technical limits of the simulator. The aim was to simulate extreme storm events which can occur in the area of interest. Field experiments. The experimental plots are 8 m in length and 2 m in width. The slope of the plots used for the experiments was approximately 9% as documented for standard USLE plots (Wischmeier and Smith 1978) . The experiments were always carried out on both plots, with the crop and clean-tilled continuous fallow plots prepared according to the methodology defined by the standard (ASTM D 6459 2007). In 2012, oats (cv. Vok) sown by no-tillage technology after stubble breaking and deep loosening was examined. In 2013, winter wheat (cv. Rapsodia) sown after standard tillage was examined.
Measurements of runoff and soil erosion. We measured surface runoff and suspended solids in each experiment. The surface runoff was collected in a container at constant time intervals and was weighed immediately. In each interval, 0.5 L of runoff was sampled for laboratory analysis of suspended solids.
Measurements of vegetation and soil conditions. In order to define the conditions of each experiment correctly, the initial soil moisture and the characteristics of the development of the vegetation CC and LAI were measured.
CC was used especially during the initial phases of vegetation development, when LAI could not be measured using a LAI meter. In this case, CC was determined using optical capturing of the surface from above, followed by classifying the taken photos. The weakness of this parameter lies in the fact that it does not take into account the vertical structure and the density of vegetation.
LAI was historically measured by a destructive method, in which all plants from a known area are gathered and the total leaf area is measured using a planimeter. We used optical measurements provided by a LAI2000 plant canopy analyzer Figure 2 . The rainfall simulator installed in the field (top) and its scheme (bottom). 1 -trailer; 2 -pump, power source; 3 -water tank; 4 -driving unit; 5 -truss collapsible arm (three parts); 6 -hinge arm; 7 -aluminum bars; 8 -pipe system; 9 -nozzles; 10 -electromagnetic valve; 11 -manometer; 12 -DMP 331 pressure sensor (Lincoln, USA). The values collected by this device were validated by a destructive method.
Soil moisture was determined at the beginning and at the end of each experiment by taking undisturbed soil samples (in total 4 samples for each plot) from the experimental site. The soil samples were taken 5 cm under the surface. Volumetric soil moisture content was then measured in the laboratory by a gravimetric method.
Statistical analysis. In order to assess the importance of all considered parameters, a linear additive model was built for various combinations of independent variables. The model was parameterized using the least squares method, and the significance of each parameter was assessed by the two-tailed Student's t-test, considering a significance level of α = 0.05 for various combinations of parameters.
RESULTS AND DISCUSSION
The temporal development of the vegetationrelated characteristics used in this study is presented in Figure 3 . The increase in the CC and the LAI values was rapid during the initial stages of crop growth in both years. Then it became slower between June and August, and there was a much slower increase, or the values even decreased, mainly due to ripening of the crops and shrinkage of the vegetation. In addition, the values of LAI measured optically decrease with the loss of chlorophyll and with changing color, though the leaf area generally remains the same and so the interception characteristics are also almost constant. According to Wilhelm et al. (2000) , optical methods for determining LAI are unreliable at higher values and the results that they produce are undervalued, as was confirmed by our measurements. Due to the unreliability of determining LAI using optical measurements in summer periods, LAI was also measured three times by a destructive method. The values for LAI obtained using this method are shown in Figure 3 . These are much higher than the values measured using the LAI2000 (for ca 30-120%), which confirmed the assumptions mentioned above. The simulation on August 21, 2012, was carried out on the plot after the harvest with the remaining stubble. This simulation was excluded from further evaluation.
Vegetation cover versus soil detachment and runoff. The effect of vegetation on surface runoff was first assessed using the runoff coefficient (RC), calculated as the ratio between the total runoff volume and the total precipitated volume over the simulation. Tables 1 and 2 show the overall trend of a decreasing runoff coefficient with growing vegetation. This trend is disturbed by the values achieved during the rainfall simulation carried out on July 27, 2013, which show higher runoff coefficient values. The reason for this is most likely the high initial soil moisture content value of 33.4%, which initiated high surface runoff due to reduced infiltration capacity. The first simulations were strongly affected by the loosened soil surface, which therefore had high infiltration capacity.
The comparison of the last two simulations carried out in 2012 (August 9 and 21) on a vegetated plot and on a plot with stubble shows a slight decrease in the runoff coefficient from 0.13-0.10 while the initial soil moisture content was 30.1% on August 9, 2012 and 24.9% on August 21, 2012. The decline of the runoff coefficient is most likely caused by increased infiltration due to lower initial soil moisture and the crop residues slowing down overland flow. This is also in agreement with the assumption of low influence of interception on the runoff in the case of precipitations with high intensities.
One of the most important results is the confirmation of the assumption that the protective effect of vegetation increases with its growth. This is clearly demonstrated by the average soil loss values (SL) on vegetated plots, which decrease continually from the maximum values achieved in the second simulation in both years. The value of SL was calculated as an average value of soil loss during the experiment. These maximum values were 74 and 38 g/min, respectively, which decreased to values of about 1 g/min in the high vegetation season. The lower soil loss values corresponding to the first simulations are affected by high infiltration, related to the seed-bed conditions and therefore a loosened soil surface. Indeed, this trend can be demonstrated by the soil loss ratio values (SLR, the ratio of the soil loss on a vegetated plot to the soil loss on a fallow plot, defined by Renard et al. 1997) . The values of SLR calculated at 40 min after the beginning of the simulation were used to demonstrate the protective effect of vegetation cover on soil loss (Figure 1) .
The calculated t-values and P-values are shown in Table 3 . The analysis of our results showed a significant interaction (P < 0.01) between average soil loss and canopy cover. The results follow the expected shape, which is based on the assumption that soil loss decreases as the value of CC increases ( Figure 4 ). The dependence of SL on all the other parameters considered here, and that of RC on all the variables considered here, was not confirmed by the analysis of the available measured data. Figure 1 shows the dependence of measured SLR values on CC compared to those published by other authors (Kainz 1989 , Morgan et al. 1998 , Gyssels et al. 2005 . Measured values do not fit well on any single curve of those used for comparison. However, the curve fitted to the measured data lies between them and the assumption of decreasing soil loss with growth of vegetation was also confirmed.
The value of b for the fitted curve is 0.032 which corresponds to R 2 = 0.52. The values of SLR measured in both summer periods are very low, which indicates very good protective effect of oats and wheat during this period in which the most dangerous rainstorms from the point of view of soil erosion usually occur. The main aim of the presented research consisted in the assessment of the applicability of a new rainfall simulator for the purposes of quantifying the vegetation protective effect with respect to soil erosion in the conditions of the Czech Republic. The data measured and evaluated demonstrate the strong effect of vegetation and fit with the results of other similar research. It will be necessary to perform a number of simulations within the continuing research to have a wider database for statistical evaluation which would provide more significant values. 
